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Abstract 
In the present study, the highly efficient composite lattice structures were filled with silicon rubber in their enormous 
space, to enhance their mechanical property and energy absorption capacity. Out-of-plane compression tests were 
carried out to evaluate the enhancement. The initial response and failure mode of the newly developed structure kept 
the same as that before filling. However, a higher stress level region was appeared which benefited to its energy 
absorption.
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1. Introduction 
Lattice materials have been widely studied for their high structural efficiencies and multifunctional 
advantages. Most of previous works focus on metallic lattice and a variety of topologies has been 
explored, such as tetrahedral lattice [1], pyramidal lattice [2-3] and Kagome lattice [4]. Those cellular 
materials with lattice truss topology are competitive to closed cell structures such as honeycombs and are 
generally superior to stochastic foams. The fabrication approach of those metallic lattice materials are 
various, including investment casting, perforated metal sheet forming, tube lay-up or the combination of 
extrusion and electrodischarge machining, which has demonstrated their application probability. Those 
periodic cellular metals can be used as core structures for light weight sandwich panels. Moreover, 
because of their high porosity, they can be exploited for multifunctional applications. For instance, 
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tetrahedral lattice has been proved to be a good heat transfer media and excellent load supporting 
structure as well.  
Recently, novel composite lattice materials are showing their prosperous prospects in load supporting 
structural application and therefore attract significant interest of researchers. The hybrid of composite 
materials with the optimal lattice topology behaves higher specific stiffness and strength than their 
metallic counterparts, due to the superior mechanical properties of the parent materials. As new 
engineering materials, they will increase the design space and fill gaps in the material property space. 
Mould hot pressing manufacturing approach of these composite lattice truss core or their sandwich 
structures have been proved to be an effective fabrication method [5-8]. In all these methods, assembling 
molds are necessary to guarantee the shaping of polymer matrix carbon fiber composites reinforced lattice 
truss structures. 
Different from metallic lattice, carbon fiber composite lattice materials are generally elastic-brittle and 
cannot resist large deformation. In order to fully use the enormous space in the lattice materials, 
viscoelastic silicon rubber was considered to add into the gas phase of composite lattice sandwich 
structures, expecting that the hybrid of damping properties of silicon rubber with the architecture of 
lattice materials could provide new materials with improved mechanical properties. Quasi-static out-of-
plane compression tests were carried out to evaluate the properties of these novel structures and then 
compared with former results. 
2. Experiments 
The novel carbon fiber reinforced composite pyramidal lattice sandwich structures in the present study 
were fabricated with the method described specifically in [7]. The stacking sequence of carbon fiber 
composite truss here is [02/902], where 0 represents that carbon fibers lay along the direction of the tube 
while 90 along circumferential direction. The pyramidal lattice sandwich structure filled with silicon 
rubber was obtained by perfusing liquid silicon rubber into the lattice structure (outside the trusses) and 
then holding in room temperature for about 24 hours to make it cure.  
The density of silicon rubber filled composite lattice truss core, U , can be deduced as  
c rV Vc rU U U                                                                        (1)
where cU and Vc  are density and volume proportion of carbon fiber composites, rU  and Vr are those of 
silicon rubber. The samples were tested in compression with a displacement rate of 0.5mm/min at room 
temperature, using a screw-driven testing machine (INSTRON 5569). Fig 1 exhibits the silicon rubber 
filled composite lattice structure in compression.
3. Results and Discussion 
The compressive responses of silicon rubber filled pyramidal lattice sandwich structure are shown in 
Fig. 2, and compared with those of hybrid truss lattice structures [8] and hollow truss lattice structures [7]. 
Following an initial linear elastic region, the silicon rubber filled pyramidal lattice sandwich structures 
reached the peak strength, failed at the same strain of 3% as that of hybrid truss and hollow truss 
composite pyramidal lattice structures, and then the compressive stress decreased dramatically. The initial 
responses of the three kinds of structures are nearly the same, which can be attributed to the much higher 
strength of carbon fiber composites over silicon rubber so that silicon rubber does not affect a lot the 
mechanical properties of each kind of structure. It can also be deduced that the failure mode of trusses  
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Fig. 1. silicon rubber filled composite pyramidal lattice structure in out-of-plane compression 
in silicon rubber filled composite lattice sandwich structure is the fracture of composite shell, the same as 
the other two kinds of structures. As the strain reaches about 5%, there is a stress-increasing trend for 
composite lattice structure filled with silicon rubber. The stress increased more significantly than that of 
hybrid truss structure, comparing with hollow truss lattice structure without any silicon rubber. It’s the 
restricted silicon rubber that imposes a resistance to the deformation of the structure, which leads to the 
high stress level region. The bigger volume fraction of silicon rubber is, the higher the flow stress 
becomes. 
Fig.2. compressive responses for carbon fiber reinforced composite pyramidal lattice structures
The enhanced stress will be definitely beneficial to energy absorption. The energy absorption capacity 
per unit volume, vW ,  is defined from the area under the stress-strain curve as 
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The energy absorption per unit volume of composite pyramidal lattice structure filled within silicon 
rubber, either in the space or in the lattice truss, has been improved significantly, comparing to that of 
composite pyramidal lattice structure with hollow trusses. 
4. Conclusion 
Mechanical properties of composite lattice materials filled with silicon rubber were explored by quasi-
static out-of-plane compression tests. The stress-strain curve revealed the typical response of this kind of 
structure at the first stage. The hybrid did not make any change to the initial response and failure mode of 
the newly developed structure comparing with that before filling. However, a high stress level region was 
appeared at the strain of 5% which was beneficial to energy absorption. The energy absorption per 
volume of composite lattice structure with space filled silicon rubber is higher than that of hybrid truss 
composite lattice structure. In conclusion, the hybrid of silicon rubber within composite lattice materials, 
both in the space and the truss, do improve the energy absorption capability of composite lattice materials. 
Acknowledgements 
The present work is supported by NSFC (90816024 and 10872059), 973 Program (No. 
2011CB610303), Program for NCET (NCET-08-0152) ands Program of Excellent Team in HIT. The 
authors also gratefully acknowledge the supports of Young Scholar Prize awarded by MOE of China 
(AUDQ1010000511).  
References 
[1] Deshpande VS, Fleck NA, Ashby MF. Effective properties of the octet-truss lattice material. J Mech Phys Solids 
2001;49:1747-69. 
[2] Zok FW, Waltner SA, Wei Z, Rathbun HJ, McMeeking RM, Evans AG. A protocol for characterizing the structural 
performance of metallic sandwich panels: application to pyramidal truss cores. Int J Solids Struct 2004; 41: 6249-71. 
[3] Cote F, Biagi  R, Bart-Smith H, Deshpande VS. Structural response of pyramidal core sandwich columns. Int J Solids Struct
2007; 44: 3533-56. 
[4] Wang  J, Evans AG, Dharmasena K, Wadley HNG. On the performance of truss panels with Kagome cores. Int J Solids 
Struct 2003. 40: 6981-8. 
[5] Xiong J, Ma L, Wu LZ, Wang B, and Vaziri A. Fabrication and crushing behavior of low density carbon fiber composite 
pyramidal truss structures. Compos Struct 2010; 92: 2695-702. 
[6] Wang B, Wu LZ, Ma L, Sun YG and Du SY. Mechanical behavior of the sandwich structures with carbon fiber-reinforced 
pyramidal lattice truss core. Mater  Des 2010; 31: 2659-63. 
[7]  Yin S, Wu LZ, Ma L. In preparation. 
[8]  Yin S, Wu LZ, Ma L, Xiong J.  Hybrid truss concepts for carbon fiber composite lattice structure. Submitted 
